Human immunodeficiency virus type 1 (HIV-1) -infected cells have been isolated from semen and may be a major source of transmissible virus. Quantitative polymerase chain reaction (PCR) assay was used to determine HIV proviral DNA load in cellular fractions of semen from 74 antiviral therapy -naive HIV-1 -seropositive men and 53 paired blood samples. HIV-1 DNA was detected in 65% of semen (range: õ10 -5000 copies/mL) and 100% of blood samples (range: 20 -2500 copies/ mL). HIV-1 DNA copy numbers in semen correlated significantly with those in blood, but for most cases, the concentration of blood HIV-1 DNA was higher (mean blood-to-semen ratio Å 2.9). Factors associated with elevated HIV-1 provirus levels in semen included reduced peripheral CD4 cell count and asymptomatic genital tract inflammation (ú10 6 white blood cells/mL of semen). These data provide evidence that genital tract inflammation and reduced peripheral CD4 cell count may be associated with enhanced sexual transmission of HIV-1 because of increased numbers of HIV-1 -infected cells in semen.
vided peripheral blood samples at the time of semen donation. The identification of all WBC, anti-Leu-4/5b for all T lymphocytes, anti-Leu-2a for CD8 T cytotoxic/suppressor lymphocytes, anticoncentration of peripheral blood CD4 lymphocytes was determined by flow cytometry in an off-site clinical laboratory certified Leu-3a/3b for CD4 T lymphocytes and macrophages (all from Becton Dickinson, Mountain View, CA), and Dako-Macrophage by the AIDS Clinical Trials Group. Twenty-eight of the men were asymptomatic, with peripheral blood CD4 lymphocyte counts for monocytes/macrophages (Dako, Santa Barbara, CA). Seminal mononuclear WBC concentration was calculated by subtracting ú500/mm 3 , and 46 were at various stages of more advanced disease progression, with CD4 cell counts õ500/mm 3 . None of the the peroxidase-positive granulocyte concentration from the total WBC (HLe-1/) concentration. HIV host cell concentration was men were taking antiviral medication at the time of the study. They had no current sexually transmitted diseases or other urologic determined by adding monocyte/macrophage and CD4 lymphocyte concentrations. The number of immature germ cells was detersymptoms by self-report.
Sample analysis and preparation. Semen was obtained after mined by subtracting the number of HLe-1-positive cells (WBC) from the total round cell count [18] . a minimum of 48 h of abstinence by masturbation into sterile specimen containers. Semen volume was measured in a calibrated PCR analysis. Aliquots of frozen PBMC and semen cells were thawed at room temperature and digested in 500 mL of differential test tube, and the concentrations of sperm and seminal ''round cells'' (a combination of white blood cells [WBC] and immature lysis buffer [21] , consisting of 10 mM TRIS-HCl (pH 8.0), 10 mM EDTA, 50 mM NaCl, 2% SDS, and 300 mg/mL proteinase K germ cells, indistinguishable by phase microscopy [18]) were assessed microscopically by a trained technician. Peroxidase-positive (Boehringer Mannheim, Indianapolis) at 50ЊC for 60 min on a rotator. The DNA was extracted and precipitated with a phenolgranulocytes were enumerated on a hemocytometer by the method of Endtz [19] . Semen was washed two times in sterile Hanks' chloroform-ethanol procedure [22] and quantified at 260 nm. PBMC (1.5 1 10 5 ) or semen cells (10 7 ) from HIV-1-seronegative balanced salt solution with Ca // Mg // . The cell pellet was then resuspended in 500 mL of RPMI 1640 tissue culture medium conhealthy men were included as negative controls, and 10 and 100 8E5 human T lymphocytes, which contain 1 HIV-1 DNA copy/ taining 10% normal human serum. Five microliters of this cell pellet suspension was applied to individual spots of Teflon-coated cell [23] , were used as positive controls. These cells were spiked into 1.5 1 10 5 normal PBMC or 10 7 normal human semen cells multiwell microscope slides (Roboz Surgical Instruments, Washington, DC). Slides were dried, fixed in absolute acetone, and and underwent the same DNA preparation and PCR procedures as the test specimens. stored at 070ЊC. Cell pellet suspensions representing one-quarter of each semen specimen were designated for PCR analysis and
The hot start amplification technique was used with the primers SK38 and SK39 (Perkin-Elmer Cetus, Norwalk, CT), which are frozen at 070ЊC until use. Samples that had a very small volume were stored in 200-mL aliquots without washing. Mononuclear specific for the gag region of the HIV-1 gene. The final concentration for each reaction component was 12.5 mM TRIS-HCl, pH cells (PBMC) were isolated from peripheral blood with ficollhypaque (Pharmacia, Piscataway, NJ) and washed with RPMI 1640 8.3, 62.5 mM KCl, 2.5 mM MgCl 2 , 200 mM each dNTP, 0.5 mM each primer, SK38 and SK39, and 2.5 U of DNA Taq polymerase/ tissue culture medium containing 10% normal human serum. Cells were counted on a hemocytometer, and the cell pellets were stored 100 mL (Perkin-Elmer Cetus). Two amounts of DNA preparation, 0.5 mg and 1 mg, were used for each test sample and control. The at 070ЊC until use.
HIV-1 culture. Washed cells and filtered cell-free plasma from reaction system underwent 35 thermal cycles with the following parameters: 95ЊC for 1 min for denaturing and 60ЊC for 1 min and semen and blood were cultured in a 2-mL volume in 24-well microtiter plates (Falcon; Becton Dickinson, Lincoln Park, NJ) for 30 s for annealing and extension, respectively. The final extension was done at 60ЊC for 10 min. Ten copies of HIV-1 DNA (Perkin-28 days as described in detail previously [3] . Peripheral blood mononuclear target cells from seronegative donors were activated Elmer Cetus) and normal human placenta DNA (Perkin-Elmer Cetus) were used as PCR positive and negative controls, respecfor 1-3 days in RPMI 1640 tissue culture medium containing phytohemagglutinin, 0.5 mg/mL (Sigma, St. Louis). Two million tively. Reagent control, which contained no DNA, was also included in the assay. target cells were added to each culture well, followed by one of the following: washed semen cells from one-third of the ejaculate, Thirty microliters of PCR product was hybridized with 0.2 pmol of 32 P-labeled (7000 Ci/mmol; ICN Biomedicals, Costa Mesa, CA) 40 mL of 50% filtered seminal plasma in PBS, 10 6 PBMC from the same man on the same day (when available), 20 mL of filtered HIV-1 DNA gag region-specific probe SK19 (Perkin-Elmer Cetus) as described previously [24] . The hybridized PCR products blood plasma from the same man on the same day, or tissue culture medium alone (negative control). A culture was considered posiwere separated on a 15% polyacrylamide gel, exposed at 070ЊC to Kodak X-OMAT AR film, and scanned on an Imaging Densitive for HIV-1 if HIV-1 antigen was detected in two successive weekly culture supernatants by ELISA (Abbott Diagnostics, Abtometer (GS-670; Bio-Rad, Richmond, CA) supported by the Molecular Analyst image analysis software at a resolution of 64 mm. bott Park, IL).
Immunohistology assay. WBC subpopulations in semen were An HIV-1 DNA standard curve, which was used to assign values to test samples, was constructed with 0, 1, 10, 100, 1000, and enumerated by an immunohistology assay as previously described with slight modifications [20] . After the percentage of round cells 10,000 copies of HIV-1 DNA (Perkin-Elmer Cetus) and processed through the same PCR, liquid hybridization, electrophoresis, and positive for a given monoclonal antibody (MAb) was microscopically assessed, the WBC subpopulation concentration was calcuautoradiography steps. The autoradiograms were exposed for at least two intervals (usually 1 h and 16 h) to produce a linear lated on the basis of the known round cell concentration, which had been determined previously by counting on a hemocytometer.
relationship between HIV-1 DNA copy numbers and density in the low range (õ10-1000 copies) and high range (100-10,000 The following MAbs were used: anti-HLe-1 for simultaneous blood (ratios ú1). Of these 3 paired samples, the ratios of semen to blood HIV-1 DNA concentration were 47.9, 6.3, and 4.7. WBC concentrations in the semen samples from these 3 men were elevated (29. entire group, and peripheral CD4 cell counts for these patients 1 DNA standards showed an unambiguous band of 115 DNA were 23, 20, and 568/mm 3 , respectively. When these outlier bp and a gradual increase in density corresponding to the range samples were omitted from the analysis, a significant positive of 1 -10,000 copies of HIV-1 DNA (figure 1). In spiked samcorrelation was obtained between HIV-1 DNA concentrations ples, 3 copies of HIV-1 DNA could be reproducibly detected in semen and blood (rho Å .31, P õ .05). in samples containing 1.5 1 10 5 PBMC.
Relationship between seminal WBC and HIV-1 DNA levels. To determine interassay variability, HIV-1 DNA preparaSeminal WBC concentrations were significantly associated tions from a known number of 8E5 cells were compared with with the detection of HIV-1 DNA in semen. All men (n Å 12) DNA from the commercial kit (Perkin-Elmer Cetus) in every with §3 1 10 5 WBC/mL of semen had detectable levels of assay. The coefficients of variation were within 10% in 12 of HIV-1 DNA in their semen, compared with 59.7% (34/57) for 17 assays. In 3 assays, the signals of the DNA preparations samples with õ3 1 10 5 WBC/mL (P õ .005, Fisher's exact from the 8E5 cells were slightly, õ2-fold, stronger than those test). Men with leukocytospermia ( §1 1 10 6 WBC/mL) had from the commercial kit whereas in two assays they were a higher prevalence of detectable levels of HIV DNA in semen slightly (õ2 fold) weaker.
(100% [7/7] vs. 63% [39/62]; P Å .05), and also higher HIV-1 DNA copy numbers/mL semen (median, 26; range, õ10 -5000), compared with men without leukocytospermia (median, 10; range, not detectable to 1800; P õ .05, Mann-Whitney U test). Peripheral blood HIV-1 DNA concentrations were not elevated in men with leukocytospermia. In semen samples posi- . Six (12%) of the 51 semen samples were positive for HIV-1: 5 in the cellular fraction and 1 in the seminal plasma fraction. All 6 culturepositive samples were HIV-1 DNA -positive by PCR, whereas only 28 (62%) of 45 culture-negative samples were PCR-positive. Although not statistically significant because of the small sample number (P ú .10, Mann-Whitney U test), the HIV-1 culture -positive samples had markedly higher HIV-1 DNA copies per milliliter than did the culture-negative samples (mean { SE Å 2826 { 2768; median Å 77; vs. mean { SE Å 135 { 43; median Å 31). Four of the 6 culture-positive semen specimens were from men with peripheral CD4 cell counts õ500, and 3 were from men with leukocytospermia. Thirty-six (84%) of 43 blood samples were culture-positive. The semen sample that was seminal plasma culture -positive blood had significantly higher HIV-1 DNA copy numbers/10 5 HIV host cells in semen than did men with ú500 CD4 cells/ had a negative corresponding blood culture. mm 3 of peripheral blood (P õ .05). When the data were expressed as HIV copy number per milliliter, per mononuclear WBC, or per CD4 WBC, higher median values were observed Discussion in the group with CD4 cell counts õ500/mm 3 , but these differThis is the first substantive study to quantitate HIV-1 DNA ences were not statistically significant (table 3) .
in semen by PCR and addresses the following questions: Are Relationship of proviral DNA in peripheral blood and CD4
HIV-1 DNA levels in semen and blood comparable? Are HIVcell numbers. There was a significant inverse correlation be-1 DNA levels in semen increased in men with decreased periphtween HIV-1 copy numbers per 10 5 CD4 WBC and peripheral eral CD4 cell count? Are HIV-1 DNA levels in semen increased CD4 cell count (rho Å 0.55, P õ .0001, n Å 50). Accordingly, when patients were divided into 3 groups (£200 CD4 WBC/ mm 3 [group 1], 201 -500 CD4 WBC/mm 3 [group 2], and ú500 Because WBC counts in semen are generally lower than those study was higher than that reported for a previous study from our group [4], because the earlier study had amplified both in blood, however, the concentration of HIV-1 DNA in blood was significantly higher than that in semen. However, there sperm and WBC DNA. Because most (if not all) of the HIV-1 DNA signal can be found in the WBC-enriched fraction of were notable exceptions. In particular, two patients with the highest semen-to-blood HIV-1 ratios (47.9 and 6.3) were men semen [4], the differential lysis technique that only releases somatic cell DNA, used in the present study, provided a higher with leukocytospermia and low peripheral CD4 cell counts. Thus, genital tract inflammation or advanced disease stage (im-HIV proviral DNA detection rate. The detection rate (100%) and copy numbers of HIV-1 DNA in blood obtained in this munosuppression), or both, could have a local effect on HIV-1 levels in the genital tract and its appearance in semen, possibly study are also consistent with data from previous quantitative through cytokine activation of local HIV-1 -infected cells with enhanced transmission of virus to other host cells in genital tissues, occurrence of other genital tract infections (e.g., cyto- 
